The reactions of N 1 , N 2 -Di-boc-1,2,4-triaminobutane with bridged dicarboxylic acids afford the corresponding bis-amides from which -after removal of the Boc groups -bis(N,N -bidendate) ligands H 2 NCH 2 CH(NH 2 )(CH 2 ) 2 NHCO-X-CONH(CH 2 ) 2 CH(NH 2 )CH 2 NH 2 can be obtained. New examples are the reactions of the triaminobutane with pyridine-2,6-dicarboxylic acid, with phenylene-1,4-diacetic acid, with terephthalic acid dichloride and with benzene-1,2,4,5-tetracarboxylic acid. From the new ligands with two terminal ethylenediamine groups, the bis(dichloroplatinum) complexes were synthesized.
Introduction
N 1 , N 2 -Di-boc-1,2,4-triaminobutane A was prepared by Bamberger ring cleavage of N-trifluoroacetyl histamine with di-tert-butylcarbonate, reduction with H 2 /Raney nickel and removal of the trifluoroacetyl group with NaOH [2, 3] . Triaminobutane A (in nonracemic form) was obtained also from pyroglutamic acid ester by several steps [4] . Recently anotherfive step -synthesis of the selectively protected triaminobutane, (2S)-N 1 , N 2 -dibenzyloxycarbonyl-1,2,4-triaminobutane in optically pure form, was reported, starting with glutamic acid [5] .
The selectively protected triaminobutane A provides a rational route to hydrocarbon-bridged bis(ethylenediamine) ligands from which bis(dichloroplatinum) complexes could be obtained. The reactions of A with several α,ω-dicarboxylic acids afforded the corresponding bis-amides H 2 NCH 2 CH(NH 2 )(CH 2 ) 2 -NHCO(CH 2 ) n CONH(CH 2 ) 2 CH(NH 2 )CH 2 NH 2 [3] , and the interaction of their bis(dichloroplatinum) complexes with DNA has been studied [6] . Similarly, bis(ethylenediamine) ligands and their platinum complexes could be obtained from A and pyrrole-dicarboxylic acids [7] . In continuation of these studies 0932-0776 / 09 / 0200-0153 $ 06.00 c 2009 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com we report in the following new reactions of A with various dicarboxylic acids.
Results and Discussion
By use of the Steglich [8] reagent DMAP or by use of the standard peptide coupling agent TBTU, respectively, the triaminobutane A was reacted with pyridine-2,6-dicarboxylic acid, terephthalic acid dichloride, phenylene 1,4-diacetic acid and benzene-1,2,4,5-tetracarboxylic acid to give the Boc-protected ligands 1 -4 (Scheme 1). Removal of the Boc groups was performed with a solution of hydrogen chloride in acetic acid ethyl ester to afford the bis(ethylenediamine) ligands as tetrahydrochlorides 5 -8 from which the bis(cis-dichloroplatinum) complexes 9 -12 -by reaction with K 2 PtCl 4 and NaOH -could be obtained (Fig. 1) .
The complexes 9 -12 have been characterized unequivocally by their IR and NMR spectra (see Experimental Section). Characteristic IR absorptions are observed for ν(Pt-Cl) = 320 cm −1 and ν(Pt-N) = 550 cm −1 , ν(N-H) = 3200 cm −1 , δ (N-H) = 1530 cm −1 , and ν(amide) = 1650 cm −1 . In the 1 H NMR spectra of 9 -12 (solutions in DMSO) the typical signals of the triaminobutane [2] are found. The low field shift of the signals of the amino protons from 5.7 -6.1 to 6.3 -6.9 ppm is remarkable and is due to the gradual exchange of the chloro ligands by DMSO. By solvolysis of one chloro ligand per Pt in 9 -12 in DMSO two isomers can be formed [2] which give a complex pattern of the amino signals.
At present, di-and multinuclear platinum complexes find much interest as a novel class of anticancer agents [9, 10] which may circumvent cisplatinum resistance. Among others, Farrell and coworkers are pioneers in this area. In our group several bis(cis-dichloroplatinum) complexes have been studied [2, 3, 6, 11] . The study of the biological properties of 9 -12 is limited by their low solubility in water.
In conclusion, the 1,2,4-triaminobutane A has been proven to be a useful reagent for the synthesis of bis(bidendate ethylenediamine) ligands through condensation of its 4-amino group with carboxylic groups.
Experimental Section
rac-N 1 , N 2 -Dibenzyloxycarbonyl-1,2,4-triaminobutane A was synthesized from N-trifluoro-acetylhistidine [2, 3] .
General procedure for the preparation of 1, 3 and 4
The carboxylic acid, 1,2-di(tert-butoxycarbonyl amino)-4-amino-butane, triethylamine and TBTU were suspended in 5 mL of acetonitrile at 0 • C. After 2 h the mixture was warmed up to r. t. and stirred for 12 h. Then, the mixture was heated under reflux for 1 h and stirred for another 30 min. The volatiles were removed in vacuo, and the residue was dissolved in acetic acid ethyl ester and was treated three times with 1.1 M aqueous KHSO 4 solution and three times with saturated aqueous NaHCO 3 solution (with alternation). The organic phase was dried with MgSO 4 , and the solvent was removed in vacuo. The brown residue was purified by chromatography (SiO 2 , CHCl 3 /MeOH = 10/1) and finally by recrystallization from EtOAc/n-hexane to give a colorless product. 73 (m, 2 H, C2-H), 3.37 -3.22 (m, 4 H, C1-H 
General procedure for the removal of Boc groups from 1 -4
Compound 1 -4 was dissolved in 3 mL of acetic acid ethyl ester, and 10 mL of HCl-saturated EtOAc solution was added. With evolution of gas a colorless precipitate was formed within 2 h which was washed three times with EtOAc and once with diethyl ether. 
General procedure for the preparation of the bisplatinum complexes 9 -12
To a solution of 1 -4 in 2 mL of water a concentrated aqueous solution of K 2 PtCl 4 was added, and the solution was heated to 65 • C. The neutralization with 1 M NaOH (90 % of the hydrochloride) and finally with 1 M NaHCO 3 (10 %) was controlled by potentiometric pH measurements, and the base was added slowly at pH < 6 until pH = 5.5. The product was obtained as a light-beige precipitate which was centrifuged off, washed three times with ice cold water, and once with ice cold ethanol.
